Anhydrobiotic engineering of bacterial and mammalian cells: is intracellular trehalose sufficient?
Anhydrobiotic engineering aims to confer a high degree of desiccation tolerance on otherwise sensitive living organisms and cells by adopting the strategies of anhydrobiosis. Nonreducing disaccharides such as trehalose and sucrose are thought to play a pivotal role in resistance to desiccation stress in many microorganisms, invertebrates, and plants, and in vitro trehalose is known to confer stability on dried biomolecules and biomembranes. We have therefore tested the hypothesis that intracellular trehalose (or a similar molecule) may be not only necessary for anhydrobiosis but also sufficient. High concentrations of trehalose were produced in bacteria by osmotic preconditioning, and in mammalian cells by genetic engineering, but in neither system was desiccation tolerance similar to that seen in anhydrobiotic organisms, suggesting that trehalose alone is not sufficient for anhydrobiosis. In Escherichia coli such desiccation tolerance was achievable, but only when bacteria were dried in the presence of both extracellular trehalose and intracellular trehalose. In mouse L cells, improved osmotolerance was observed with up to 100 mM intracellular trehalose, but desiccation was invariably lethal even with extracellular trehalose present. We conclude that anhydrobiotic engineering of at least some microorganisms is achievable with present technology, but that further advances are needed for similar desiccation tolerance of mammalian cells.